Simulations of various wind speeds in summer day(s) and the impact of seasonal changes to the RPSC 20 system were also conducted to investigate the deficiency factors to the system. 21 22
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to warm the city. This significant increase in the urban temperatures affects the consumption of 11 cooling energy to achieve thermal comfort in buildings [7] . This also leads to the increase in global 12 emission and generation of urban pollutants [8, 9] . 13 
14
A study [10] conducted during the summer period revealed that the exposed urban surfaces i.e. ground 15 pavements and building roofs can be 27 C to 50 C warmer than the ambient air temperature.
16
Solutions such as the replacement of artificial surfaces with natural surfaces were initially proposed to 17 improve the albedo of the urban surfaces [7] . Apart from the significant impact of higher surface 18 albedo on the surrounding environment, consideration of not compromising the outdoor pedestrian 19 thermal comfort was highlighted using an Index of Thermal Stress [11] . Field monitoring data and 20 meteorological simulations carried out by [12] suggested that the increase in the surface albedo is an 21 effective way of diverting the heat island intensity in the urban area. However, the impact of and repaving in lighter colours could result in huge savings in cooling expenses [13] . 25 
26
An experimental study [14] in the early 90s measured and compared the heat output from several 27 types of surface materials and established options of alternative material to improve the surroundings 28 thermal environment. A laboratory test was conducted to investigate the passive energy storage of a 29 horizontal concrete slab based on the heat transfer from two major parameters, the solar heat flux and 30 the ambient temperature. The study demonstrated huge impact of natural convection on the surface 31 radiation heat loss which is up to 40% [15] . Later on, concern on the lack of data on the asphalt 32 thermal properties was raised [17] and the underestimation of the heat convection coefficient can 33 cause an over prediction of the pavement temperature [18] . Simulation on predicting the impact of 34 thermal properties of pavement slabs was carried out [19, 20] and studies found that the asphalt 35 pavement type can be heated as high as 70 C during hot summer days [21] . The heating of the road 36 and pavement surfaces were related to the formation of UHI effect [22, 23] and techniques of 10 11 This study presents an investigation of a hydronic pipe collector integrated into a roadway in an urban 12 scenario. Despite the limitation of using hydronic pipes in urban areas, a water element is a common 13 medium applied for urban water heating supply. For future sustainable use, this study emphasised a 14 system that has dual functions: (i) To reduce ground surface temperature and (ii) to be used as an 15 energy collection system i.e. water heating supply. 19 20 The primary reason of highlighting the potential development of integrated urban road solar collector 21 is due to the evidenced high temperatures in urban areas. The urban geometry influences the solar heat 22 flux more than the flat terrain due to its complex shapes; which causes heat to accumulate during the 23 multiple reflections of the photons to the sky [7, 33] . Investigation of air temperature based UHI 24 effect was demonstrated by using the aspect ratio of a street canyon height to the width, H/W 1 ; with 25 higher aspect ratio was evidenced to decelerate the reflection of long-wave emission from the ground 26 surface [33, 43] . A simplified 2-D mathematical model was developed to evaluate the impact of street 27 canyon aspect ratio in increasing the air based UHI effect by comparing to the one without canyon 28 [34] . Recent studies highlighted the extensive use of numerical modelling for urban microclimatic 29 related issues. Computational Fluid Dynamic (CFD) software has the flexibility to model an urban 30 geometry scale in higher resolution [40] . To replicate an urban canyon, a simplified urban canyon 31 with longer configuration was chosen [39] but multiplication of canyon geometry was preferable for 32 the comparison [36] . It was found the computational codes have the ability to carry out prediction 33 analysis on air flow modification in the combined tall buildings with narrow street canyon for UHI 34 mitigation [38] . In the study of [35] , the initiative to apply 'cool' surface coating to mitigate the UHI 
35
This study only considered one long street canyon shape with one building orientation. the solution is expected to improve with a fixed mesh [41] . Mesh verification was carried out using 18 mesh refinements (h-method) in order to optimise the distribution of mesh size, h over a finite element 19 [41] . Different edge sizing values were applied at to indicate the mesh was sized in coarse, medium 20 and fine [51] . Three edge sizing of 1.00m, 0.50m and 0.25m were determined and described in details 21 as 
higher difference can be observed but not less than 0.325% (between medium mesh and fine mesh)
36
and not more than 0.548% (between coarse mesh and medium mesh Milan is a mix of hot temperature and low winds [50] . Similar boundary as [39] was applied. The 14 solar load module was set to a summer day in June [39] . To simulate the ambient temperature during 15 the 21 st of the month, the inlet air temperature was set to 303K (30°C) [39] . According to [39] 33 [44] was set at the inlet plane with temperature 293K (20°C). 21 [47, 48, 49] . The seasonal effect was being investigated with the constant wind velocity of 2 m/s. were not less than 3% and the maximum values were not more than 5%. Based on the calculated results, the urban RPSC was 36.08% more efficient as compared to the rural/flat RPSC. As observed in Figure 14 and 15, the urban surface has absorbed heat in a very diverse range which displayed very strong influence of the building geometry to the surface temperature. The reduction of surface temperature demonstrated equal reduction value for all rural/flat RPSC pipes of 9.11%, whereas a significant reduction was observed for the urban RPSC with some locations absorbing more heat. The calculated STR values of the integrated urban RPSC were not less than 9% and not more than 14%; displaying potential of the system to reduce the urban surface temperature 27.11% more than the system applied in the rural/flat surface. 
35
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Effect of solar intensity on RPSC performance
This section shows the results of the 6-hour simulation to investigate the effect of the solar intensity on the water outlet temperature during the summer day. Figure 16 and 5.39K, respectively. Daily simulation analysis has shown the importance of considering the effect of solar intensity to the system performance in an urban domain. In the previous sections, it was found significant to simulate the integration of urban geometry and the RPSC pipes and to compare this configuration with no-building setting. Time-dependence simulation can provide necessary deliberation for the system application to achieve high efficiency.
Changes in wind velocity during summertime
In the literature section, it was established that the uncertainty of the wind velocity can be the major factor in influencing the temperature of the surface. According to the weather data in [46] , wind velocity can reach up to 10.3 m/s and less than 2 m/s during very less windy days. This study examined the effect of changing the wind velocity during the day of the maximum ambient temperature. Figure 17 demonstrates the plotted values of the simulated surface temperature and the water outlet temperature based on the very centre pipe in the urban canyon, C-1. The results showed that higher wind speeds can significantly reduce the surface temperature and the obtained outlet water temperature. It was also observed the Delta T value was reduced as high as 8.45K from the simulated value of the very less windy state, 1 m/s. higher velocity closer the walls. Highest velocity (2.8 m/s) was observed above 10m from the ground beside the wall of Building A. As the wind rotated deep down the canyon, the velocity closer the centre road surface was reduced to 2.2 m/s. Based on the simulation; the wind circulation was more significant with high velocity as compared to the low wind velocity, resulting more cooling effect in the canyon space during the windy day. However, it should be noted that higher wind can also limit the RPSC system performance and wind conditions in the area must be considered when designing and integrating into the urban spaces. For example; by locating the RPSC in areas with low wind speeds, the system can perform effectively in terms of surface temperature reduction and temperature collection. March was about 40% lower than the surface temperature value obtained in the summertime. It was found that the RPSC performance based on Delta T can be observed highest during the summertime, demonstrating higher ambient temperature during the simulation time provides higher Delta T values.
This simulation however was considered during noon time with less windy condition. The comparative study of the surface temperature contour based on seasonal effect is presented in Figure 20 . It was observed for all seasons that the surface temperature in the middle of the long canyon was the highest. The major factors that influence the surface temperature were the position of the sun and the irradiance which affects the ambient temperature. It was expected that the simulation of 21 st December will predict the lowest temperature for the canyon surface which suggests that the system will not be effective during this month and other months with similar conditions. Overall, it
showed that the simulation of the summer day with less wind condition was the most ample time to generate highest Delta T for potential energy. Numerical study focusing on the 21 st day of the summer June was carried out based on peak solar intensity by referencing to the maximum ambient temperature of the month. Investigation on the integrated road pavement solar collection (RPSC) system with an urban canyon model was discussed and was concluded in four sub-sections as below:
Method validation of integrated system based on de-coupled approach
This study considered a simplified urban setting for the investigation of integrated urban RPSC system with the initial reason is to achieve high accuracy with reduced computational time. The characterisation of the model and the simulation setting were based on the published work of [39] .
Validation of urban modelling with previous CFD model and wind tunnel experiment was carried out with most of the results are in good agreement. It could be mentioned that this validation took some efforts to match some results due to less meshing information found in the previous study. Hybrid meshing with inflation of First Layer Thickness setting was used to achieve low computational uncertainty and high speed computational simulation. The validation result of ground road surface demonstrated the difference between the simulated temperatures achieved highest which was 8.85% at the shadowed canyon road surface but less than 3% difference for the canyon hot side point and the external point. We highlighted the adjustment of the sunshine factor in ANSYS Fluent which had to be carried out before an optimal comparable result was determined in order to avoid extremely overestimated/underestimated temperatures at these specific ground road surface points. The adjusted sunshine factor of 0.25 provided optimal result for the validation of the ground surface absorbing heat from the solar radiation.
Effect of urban geometry on surface temperature
The analysis showed that the effect of geometry on RPSC system performance was found to be significant, demonstrating building geometry causes unequal solar concentration distributed on the canyon ground surface as compared to no building geometry. At 13:00 hour, hotter surface temperature contours were found noticeable at the centre of the canyon towards Building A. The surface region next to Building B showed lower temperature contours, due to less solar concentration and the effect of building shadow. Average surface temperature at the nine selected points above 0.15m from the pipe location was determined to compare the two macro domains. The geometrical aspect of the urban canyon plays an important role for the unique performance of the surface. Critical aspect of the urban canyon in this study could be mentioned significant when the building length was north-south oriented, creating the nearest building wall to the wind inlet plane (Building A) as a wind blocking wall. The simulated wind flow had to cross over Building A and less wind velocity could be found inside the canyon with the limited canyon width setting. During the peak solar intensity when more heat can be absorbed, the necessity to reduce the surface temperature should be considered to eliminate the possible occurrence of surface and air based UHI effect. This type of geometry demonstrated the reduction in the rate of air-solid heat convection.
It was also confirmed lower temperature was spread from the northern and southern sides to the centre, showing the penetration of the lower temperature wind from the both ends in reducing the surface temperature through the circulated wind flow. Due to long canyon setting, the temperature for the road surface at the centre of the canyon was found higher as compared to the surface closer the openings. For an empty domain, direct solar radiation and convective heat transfer simplify the heat absorption to the surface. This can easily be predicted when similar temperature was found throughout the surface due to no building effect. It can be considered the comparative study of surface temperature in the two different domains setting was significant to evaluate the RPSC performance.
Nevertheless, only one building orientation with one wind direction was used for this study.
RPSC system performance in two different domains
Analysis of the RPSC system was performed for an approximate 10% at the centre area of canyon road surface. The initial reason of selecting the centre area for RPSC pipes embedment was to reduce the computational meshing for micro modelling while obtaining very fine mesh sizing. In our future study, simulation of full pipe length according to the canyon length should be considered. This is due to the noticeable lower temperature surfaces at the southern and northern region of the canyon road surface. Investigation of system performance was observed by calculating the potential temperature collection (PTC) and the surface temperature reduction (STR) based on Delta T. The simulation of the RPSC system on 21 st June at 13:00 hour demonstrated that the RPSC system in the urban domain was 36.08% on average more effective in terms of thermal collection and 27.11% on average more surface reduction as compared to the rural/flat domain. Lower temperature was obtained for the shadowed surface which subsequently reduced the thermal performance of RPSC between 16.82% and 34.27%; demonstrating strong influence of the building geometry on the system performance.
Effect of daily solar intensity, wind velocity and seasonal changes on RPSC
The investigations to predict the RPSC thermal behaviour in an urban configuration were carried out in three sub-sections. First, the effect of daily solar intensity was tested for the similar day as (63.26%) greater in the thermal performance, respectively. Overall, the simulations demonstrated the potential application and advantage of the system in daytime during the peak solar intensity.
Data from [46] showed that the unpredicted wind velocity can vary between 0 m/s to 10.3 m/s in the similar month. Therefore, the study demonstrated the impact of four different wind velocities: (i) 1 m/s, (ii) 2 m/s, (iii) 5 m/s and (iv) 10 m/s on the surface temperature, outlet water temperature and the Delta T. It was observed that the surface and the outlet water temperatures were significantly reduced as the wind velocity increases. The performance of the system was reduced up to 55.78% from the very low wind speed to the very high wind speed condition; limiting the application during the days with strong winds flow. Simulation of wind effect on the system performance can assist to provide necessary calibration of applying the system according to the climatic concern. Incorporating a control system which monitors the outdoor conditions (wind, solar, etc.) and optimises the system parameters could potentially improve the system efficiency.
The seasonal effect on the RPSC system performance was included for this study but is limited to compare the 21 st of the month in four different seasons: (i) Spring -March, (ii) Summer -June, (iii)
Autumn -September (iv) Winter -December. Based on the simulations, it was predicted that the summertime provided highest surface temperature as compared to the other three seasons, about 62%, 40% and 30% higher than winter, spring and autumn; respectively. The major factors which affect the reduction of the surface temperature were the position of the sun and the irradiance affecting the ambient temperature, although the simulation also found higher temperature contour at the centre of the canyon ground surface due to the wind effect across the building. Overall, summertime still provides the highest solar intensity that increases the system efficiency as compared to other seasons in the temperate climatic location.
Current limitation and future work
Applying the RPSC system in an urban road with building infrastructures can be more challenging and complex, but significant value of the temperature collection at the urban outlet plane has potential for an extensive study. Integrating the building geometry as a variable for RPSC system investigation can be carried out by characterising the forms in respect to the complexity of an urban area. This study as we mentioned in the earlier section was limited to investigate the RPSC performance in two different scenarios by comparing the PTC and STR values. We also prolonged the analysis and discussion of the system performance in the unpredicted situation of high-low wind condition, daily time-dependent and seasonal changes but limited to certain day and month of temperate climatic location. For a sustainable use of the system, future investigation will require to consider the optimisation of the system when certain aspects were manipulated to enhance both energy collection and UHI ground surface temperature reduction. This study also enhances the importance to investigate the effect of the system in building thermal loads, which is required for our future studies.
The aid of potential economic analysis of the conceptual system is another considerable study which can contribute in realising the system installation in an urban area. 
